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Abstract Due to intensive use of agronomic inputs in
sugarcane farming, runoff water from these farms is loaded
with high concentrations of nutrients. These nutrients find
their way into rivers, lakes and sinks, eutrophicating them.
Reducing the levels of these nutrients in runoff water from
sugarcane farms before it is discharged into sinks will help
solve the problems that arise out of eutrophication. This
study employed a simple sedimentation method of making
depressions in canals draining runoff water from sugarcane
farms and emptying them fortnightly during the rainy
season and monthly during the dry season. The method was
found to significantly (p < 0.05) reduce water conductivity
(uS/cm), turbidity (Nephelometric Turbidity Units), total
phosphates, nitrate—nitrogen, potassium, calcium, magne-
sium, iron, copper, sodium and zinc (ppm) in the dry sea-
son from 52.89, 148.70,0.87, 3.34, 446.00, 420.00, 205.00,
12,941.00, 261.00, 398.00, and 484.00 in untreated canals
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to 48.33, 30.22, 0.21, 2.95, 120.00, 154.00, 98.00, 456.00,
181.00, 234.00, and 311.00 in treated canals, respectively.
And in the wet season, the parameters were reduced from
261.46, 719.30, 820.00, 25.16, 654.00, 549.00, 493.00,
19,230.00, 763.00, 748.00, and 903.00 to 128.67, 365.70,
3.47, 10.12, 136.00, 187.00, 167.00, 654.00, 207.00,
321.00, and 231.00, respectively. Dissolved oxygen sig-
nificantly (p < 0.05) increased from 5.11 to 8.14 ppm in
the dry season and from 3.82 to 7.92 ppm wet season.
Acidity reduced in the wet season from pH 5.02 to 6.20. It
is, therefore, recommended that sugarcane farmers adopt
this method for sustainability of aquatic systems within
these zones.

Keywords Nutrients - Eutrophication - Sugarcane
farming - Sedimentation - Kenya

1 Introduction

Sugarcane farming is a major agricultural activity in the
western part of Kenya and other parts of the world (Omwoma
2012). The area under cane cultivation in Kenya is over
122,580 ha of land with small-scale farmers representing
90 % of the total cane surface area (KSB 2003). Farmers use
high rates of fertilizers and biosolids for maximum yield in
sugarcane farming (Allen et al. 2009; Omwoma et al. 2010).
Surface runoff water within these cane plantations has been
reported to transfer these agricultural inputs to aquatic sys-
tems (Haynes 2000; Zueng-Sang 2000; Giinter et al. 2007;
Omwoma et al. 2011). Most agricultural inputs in sugarcane
farming contain high amounts of nutrients which, if trans-
ferred to aquatic systems, will lead to their eutrophication
(Omwoma 2012). Some of the aquatic systems in Western
Kenya including Lake Victoria are already eutrophicated
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(Muyodi et al. 2010), and thus it is urgent and necessary
to reduce nutrient loading into these systems for their
sustainability.

Research towards reduction of eutrophication of Lake Vic-
toria from major rivers feeding it has focused on point sources
like industrial and municipal wastes disposals (Scheren et al.
2000; Cowi 2002; LVEMP 2003; Odada et al. 2004; Lalah et al.
2008; Ongeri 2008; Curt et al. 2009; Banadda 2011). Non-point
sources like agricultural runoffs have been neglected and yet
they are documented as major sources of nutrient loads into the
Lake (Cowi 2002). Sugarcane farming encompass a large
portion of agricultural activities in the Lake Victoria basin,
Kenya (Netondo et al. 2010), and yet there are no recommen-
dations on how to reduce nutrients from runoff waters in these
farms. The research was, therefore, aimed at developing a
method of reducing nutrients from sugarcane plantations into
aquatic systems within and outside the plantations.

2 Materials and methods
2.1 Study area

Nucleus sugarcane estate farms for a sugar factory located at
0°4'55"N-0° 20'11"S, 34°50'49"-35° 35’ 41"E (Fig. 1) was
chosen as the site for this research. The farms are located in
Bungoma County within the Lake Victoria catchment region
which is known to be one of the main sugarcane producing
areas in Western Kenya. The sugarcane farms have water
canals which run across the farms and discharge waste water
into River Kuywa that flows through the farms before joining
River Nzoia that finally drains into Lake Victoria.

2.2 Experimental design and sampling

A completely randomized design was used in sampling and
analysis. Fifty sites were chosen at random within the

Fig. 1 The sampled sugarcane Sl

nucleus estate farms and, at each site, two canals were
chosen with one being treated according to the following
method. On every canal chosen for treatment (Fig. 2),
depressions the width of the canal, 1 m in length and 0.5 m
deep were excavated at intervals of every 100 m allowing
runoff water to reduce in velocity, settle, and sediment out.
After a fortnight in the wet season and a month in the dry
season, the depressions were emptied of their contents for
the research period that ran for 6 months. Sampling was
then done both during the wet season and the dry season by
drawing 10 500-ml of water samples towards the end of the
canal in the morning, afternoon and evening. Each ten
water samples collected were mixed into a composite
sample and the three composite samples collected at dif-
ferent times of the day treated as replicates. The water
samples collected in Amber glass bottles were placed in an
ice box and refrigerated at 4 °C prior to analysis (John
et al. 1996).

2.3 Physicochemical parameter analysis

Water pH, temperature, dissolved oxygen turbidity and
conductivity were measured directly in the field using a pH
meter (3071 Jenway), DO meter (HI 9146), turbidity meter
(HI 93703) and a conduct meter (Kundoctometer CG 857),
respectively.

Ultraviolet spectrophotometric screening method B of stan-
dard methods (Franson et al. 1995) was used to determine
nitrate—nitrogen present. A water sample of 50 ml was filtered
through a Watmann filter paper no. 40 and acidified with 1 ml
concentrated HCl (analytical grade). A spectrophotometer (UV-
1650 PC-UV-VIS; Shimadzu) was calibrated using standards
from potassium nitrate and used to determine the concentrations
of unknown samples at 220 nm. The determined concentrations
were corrected by a second measurement made at 275 nm, since
dissolved organic matter also absorbs at 220 nm but NO3 ™ does
not absorb at 275 nm (Franson et al. 1995).
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Fig. 2 A graphical presentation of the method for reducing nutrients in runoff water from sugarcane farms by the sedimentation method

For total phosphates, a volume of 100 ml water sample
was digested at 150 °C with 1 ml concentrated sulfuric acid
and 5 ml concentrated nitric acid, then evaporated to dryness
in a Gerhardt digester. The residue was leached with 5 ml 1
N HNOj and transferred to a 50-ml volumetric flask. A
volume of 5 ml of 10 % ammonium molybdate was added
followed by addition of 5 ml of 0.25 % ammonium vana-
date in 6 N HCI. The mixture was diluted to the mark with
distilled water and left to cool for 10 min. A calibrated
spectrophotometer (UV-1650 PC-UV-Vis; Shimadzu) with
KH,PO,4 was used to determine the unknown sample con-
centrations at 460 nm (Anil 1994; Franson et al. 1995).

For determination of macronutrients in water samples,
200 ml of the sample was filtered through a 1-um cellulose
acetate filter with millipores into an acid-washed 500-ml
Erlenmeyer flask. The sample was then acidified to 1 %
(2 ml) with concentrated nitric acid (analytical grade), placed
on a hot plate at 60 °C and allowed to evaporate to approx-
imately 30 ml (Mzimela et al. 2003). The evaporated sample
was then transferred to a 50-ml volumetric flask and made up
to volume with double-distilled water after addition of
1.5 mg/ml of strontium chloride. The extract was analyzed
for Na, K, Ca, Mg, Cu, Fe, and Zn using a calibrated Shi-
madzu AA-6200 Atomic Absorption Flame Emission Spec-
trophotometer with the specifications indicated in Table 1.

For all the analytical methods used in analysis, method
detection limits were determined using respective standards
in accordance with method 40 CFR 136 and recovery studies
done by spiking double-distilled water with 20 times the
method detection limit concentration (USEPA 2007).

2.4 Statistical analysis

Analysis of variance (ANOVA) (p < 0.05), a two-factorial
experiment and least significant differences at p < 0.05

@ Springer

were used to check the variations. Statistical analysis was
performed using MSTAT-C two-factor completely ran-
domized design, with canals (1 = treated, 2 = untreated)
as the main factor and seasons (1 = wet season, 2 = dry
season) as the sub-factor. An average of all the concen-
trations for replicate 1 per variable in all the 50 samples
(untreated/treated) was determined and used as replicate 1
in the ANOVA analysis. The same procedure was adopted
for replicates 2 and 3.

2.5 NB

The sediments from the excavated depressions were kept in
a large compost pit lined with polythene lining and will be
disposed off safely after complete analysis of other harmful
pollutants like pesticides, dioxins and dioxin-like com-
pounds that can be found in sugarcane plantations. There
was no need to treat the excavated pits against mosquito
breeding as all the chosen canals had water flow throughout
the year.

3 Results and discussion

Mean % recovery values, machine detection limits and
method detection limits are recorded in Table 2. The
methods used were found to be efficient in detection of
the unknown parameters per variable as deduced from the
recovery studies (Table 2).

Concentrations of different variables in water samples
are recorded in Tables 3 and 4.

The difference in temperature between the treated canals
and the untreated canals was not significant (p < 0.05),
hence the developed method had no effect on runoff water
temperature change (Table 3).
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Table 1 Atomic absorption flame emission spectrophotometer (Shimadzu AA-6200) experimental parameters
Element Na K Ca Mg Cu Zn Fe
Lamp current (mA) 12 10 10 8 10 6 8
Wavelength (nm) 589.0 766.5 422.7 285.2 324.8 213.8 243.3
Slit width (nm) 0.2 0.7 0.7 0.7 0.7 0.7 0.7
Mode NON-BGC NON-BGC BGC-D, BGC-D, BGC-D, BGC-D, BGC-D,
Flame Air—C2H2 Air—Csz Air—C2H2 Air—C2H2 Air—C2H2 Air—C2H2 Air—C2H2
Fuel flow (I/min) 1.8 2.0 2.0 1.8 2.0 2.0 1.8
Prespraytime (s) 3 3 3 3 3 3 3
Intergration time ¢ (s) 5 5 5 5 5 5 5
Callibrations (ppm) 0.1-0.6 0.1-0.6 0.1-0.6 0.1-0.6 0.1-0.6 0.1-0.6 0.1-0.6
MDL (ppm) 0.006 0.012 0.07 0.0035 0.04 0.011 0.08
MDL machine detection limit, BGC-D, deterium background correction (compensates for matrix interferences)

+ +
Table 2 Method detection limit, machine detection limits and NH4 + 20, — NOs; + H20 + 2H (1)

recovery studies for various methods used in analyzing nutrients

Parameter Machine Method detection Recovery
detection limit limit (ppm) studies (%)
(ppm)
Total - 0.0560 93
phosphates
Nitrate- - 0.4500 89
nitrogen
Iron 0.0800 0.5100 78
Sodium 0.0060 0.3500 80
Zinc 0.1100 0.0900 89
Potassium 0.0120 0.8700 96
Calcium 0.0700 0.0800 76
Magnesium  0.0035 0.1200 87
Copper 0.0400 0.4500 89

Acidity in the treated canals did not vary significantly
(»p < 0.05) during the dry season, but its decrease in the
wet season was significant (p < 0.05) (Table 3). The
decrease in acidity of the treated canals was linked to soil
erosion through the canals. An earlier investigation of soils
from the same farms had revealed highly acidic soils
(Omwoma et al. 2010). This meant that the untreated
canals carried with them high acidic soils that increased
their acidity, while the treated canals that had most of its
eroded soils sediment out recorded low values (Table 3).

High acidity values in canals draining water from sug-
arcane plantations has also been recorded in other areas
like canals feeding the Ipojuka River traversing sugarcane
plantations in Brazil (Giinter et al. 2007). The main source
of high acidity in sugarcane plantations has been cited as
due to the use of nitrogenous fertilizers that through nitri-
fication processes deposits a lot of hydrogen ions to the
soils (Eq. 1) (Shcroeder et al. 1996; Wood 2003; Omwoma
et al. 2010)

Through surface runoffs and leaching, the hydrogen ions
are transported to canals that finally acidify major aquatic
systems.

Adequate oxygen levels are necessary to facilitate aer-
obic life forms which carry on natural stream purification
processes (Eduardo 2006). This method significantly
(p < 0.05) increase dissolved oxygen levels (Table 3), and
this is beneficial to the aquatic systems. Increases in dis-
solved oxygen may have been due to the reduction of
turbidity in the water of treated canals.

Turbidity reduced significantly (p < 0.05) (Table 3) in
treated canals due to sedimentation of eroded soils from the
water. High turbidity values can be correlated to high
suspended solids in the aquatic ecosystems, hence by
allowing the canals water to reduce in speed, settle, and
sediment out, reduction in turbidity is recorded (Table 3).
The suspended particles in untreated canals absorb heat
from the sunlight, making turbid waters become warmer,
and so reducing the concentration of oxygen in the water.
The suspended particles scatter the light, thus decreasing
the photosynthetic activity of plants and algae which con-
tributes to the lowering of the oxygen concentration even
further in the untreated canals. As a consequence of the
particles settling to the bottom, shallow lakes fill in faster,
fish eggs and insect larvae are covered and suffocated, and
gill structures get clogged or damaged. The suspended
particles also help the attachment of heavy metals and
many other toxic organic compounds and pesticides. This,
therefore, makes the developed sedimentation method very
important in aquatic life sustainability as it reduces the
suspended solids.

Reduction of conductivity values in the water of treated
canals (Table 3) is an indication that both cations and
anions that are responsible for electrical conductivity were
reduced. High conductivity values in this region come from
high metal concentrations in the soils (Omwoma et al.
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Table 3 Mean variations of physicochemical parameters between treated and untreated canals in both dry and wet seasons of runoff water from

sugarcane plantations

Dry season Wet season Average

Temperature (°C) Treated canals average 27.00 26.00 26.50
Untreated canals average 26.00 24.86 25.43
Average 26.50 2543 2597
LSD p < 0.05 0.97 1.81
Kenya domestic water stds® 20.00
USEPA domestic water stds” 20.00-35.00
Australian aquatic life stds® 20.00-28.00
CV% 3.05

pH Treated canals average 6.76 6.20 6.48
Untreated canals average 6.98 5.02 6.00
Average 6.87 5.61 6.24
LSD p < 0.05 0.69 0.26
Kenya domestic water stds® 6.5-8.5
USEPA domestic water stds” 6.00
Australian aquatic life stds® 5.5-9.0
CV% 13.11

Conductivity (uS/cm) Treated canals average 48.33 128.67 88.50
Untreated canals average 52.89 261.46 157.18
Average 50.61 195.07 122.84
LSD p < 0.05 9.34 3.34
Kenya domestic water stds® NG
USEPA domestic water stds® 400-1,250
Australian aquatic life stds® NG
CV% 13.03

Dissolved oxygen (ppm) Treated canals average 8.14 7.92 8.03
Untreated canals average 5.11 3.82 4.47
Average 6.63 5.87 6.25
LSD p < 0.05 0.62 0.23
Kenya domestic water stds® 5.00
USEPA domestic water stds® 5.00
Australian aquatic life stds® 5.00
CV% 13.79

Turbidity (NTU) Treated canals average 30.22 365.70 197.96
Untreated canals average 148.70 719.30 434.00
Average 89.46 542.50 315.98
LSD p < 0.05 86.58 32.87
Kenya domestic water stds® 5.00
USEPA domestic water stds” 5.00
Australian aquatic life stds® 5.00
CV% 15.88

Total phosphates (ppm) Treated canals average 0.21 347 1.84
Untreated canals average 0.87 8.20 4.54
Average 0.54 5.84 3.19
LSD p < 0.05 0.88 0.33
Kenya domestic water stds® 2.00
USEPA domestic water stds® 0.10
Australian aquatic life stds® 0.10
CV% 15.33
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Table 3 continued
Dry season Wet season Average
Total nitrate—nitrogen (ppm) Treated canals average 2.95 10.12 6.54
Untreated canals average 3.54 25.16 14.35
Average 3.25 17.64 10.44
LSD p < 0.05 1.79 0.68
Kenya domestic water stds® 10.00
USEPA domestic water stds® 10.00
Australian aquatic life stds® 0.03
CV% 13.35

NB sampling done in February 2009 dry season and May 2009 wet season, n = 300, LSD least significant difference, CV% percent coefficient of

variation in replicated samples, Stds standards
? Kenyan EMCA (WQ) standards (2006)

® USEPA standards (1979)

¢ Australian standards (2000)

2010) that eroded into the canals increasing the conduc-
tivity. By extension, therefore, it can be deduced that this
method will be vital in reducing heavy metal concentra-
tions in aquatic systems.

During the nitrification process (Eqs. 2, 3), a lot of
nitrates and phosphates from fertilizers such as di-ammo-
nium phosphate and urea build up in soils and hence a
transport medium (runoffs and erosion) will facilitate the
movement from the soils to the aquatic ecosystems.
Therefore, sedimentation of runoff water before entry into
major aquatic systems significantly reduces nitrates and
phosphates levels (p < 0.05) (Table 3).

(NH4)2CO + 40, — 6H' + 2NO3_ + CO, + H,O
(2)

(NH4),HPO, + 40, — 3H' 4+ 2NOj; + H,PO,
+ 2H,0 (3)

Nitrates and phosphates are the major macronutrients
that are responsible for eutrophication of aquatic systems
(Muyodi et al. 2010). Hence, reduction of these elements in
agricultural water runoffs is of great importance in solving
the problem of eutrophication that has threatened to render
life in Lake Victoria extinct in future (Cowi 2002; LVEMP
2003; Muyodi et al. 2010). Levels above which
eutrophication is likely to be triggered are approximately
0.03 mg/1 of dissolved phosphorus and 0.1 mg/l of total
phosphorus (USEPA 1980). Higher concentrations than
these threshold values were recorded in this study of the
untreated canals (Table 3). It is, therefore, evident that
sugarcane farming has a negative impact on nitrate and
phosphate  concentrations, hence their significant
(p < 0.05) reduction by the developed method could help
in solving the problem of eutrophication. Other nutrients

that also aid in aquatic plant growth and algal blooms like
potassium, calcium, magnesium, copper, iron, sodium, and
zinc were also reduced significantly (p < 0.05) by the
method we have developed (Table 4).

Nutrients in the untreated canals were above nationally
and internationally recommended threshold values for both
aquatic life and domestic water, but in the treated canals
most of them were within allowable limits (Tables 3, 4).

4 Conclusions

The developed sedimentation method was found to sig-
nificantly (p < 0.05) reduce the nutrient loads in aquatic
systems. In addition, some water quality physical/chemical
parameters like acidity and dissolved oxygen increased
significantly in the treated canals as others such as turbidity
and conductivity reduced.

5 Recommendations

Small-scale, large-scale and nucleus sugarcane farms
within the Lake Victoria basin should adopt the developed
sedimentation method. This will go a long way in reducing
the problems that arise out of eutrophication within this
region and other similar regions around the world. How-
ever, other measures should be incorporated in this method
if it has to be used in waterways that do not have a con-
tinuous water flow. Such measures are being further
investigated by use of allelochemical-producing plants that
may be planted on the edges of canals to repel harmful
insects from taking advantage of stagnant waters.
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Table 4 Mean variations of physicochemical parameters between treated and untreated canals in both dry and wet seasons of runoff water from

sugarcane plantations

Dry season Wet season Average

Potassium (ppm) Treated canals average 120.00 136.00 128.00
Untreated canals average 446.00 654.00 550.00
Average 283.00 395.00 339.00
LSD p < 0.05 89.00 54.00
Kenya domestic water stds® NG
Australian aquatic life stds® <100
CV% 17.00

Calcium (ppm) Treated canals average 154.00 187.00 170.50
Untreated canals average 420.00 549.00 484.50
Average 287.00 368.00 327.50
LSD p < 0.05 98.00 29.00
Kenya domestic water stds® <250
Australian aquatic life stds® NG
CV% 21.00

Magnesium (ppm) Treated canals average 98.00 167.00 132.50
Untreated canals average 205.00 493.00 349.00
Average 151.50 330.00 240.75
LSD p < 0.05 45.00 23.00
Kenya domestic water stds® <100
Australian aquatic life stds® <1,500
CV% 22.00

Iron (ppm) Treated canals average 456.00 654.00 555.00
Untreated canals average 12941.00 19230.00 16085.50
Average 6698.50 9942.00 8320.25
LSD p < 0.05 2138.00 1004.00
Kenya domestic water stds® 300.00
Australian aquatic life stds® <10
CV%

Copper (ppm) Treated canals average 181.00 207.00 194.00
Untreated canals average 261.00 763.00 512.00
Average 221.00 485.00 353.00
LSD p < 0.05 65.00 34.00
Kenya domestic water stds® 100.00
Australian aquatic life stds® <5
CV% 18.00

Sodium (ppm) Treated canals average 234.00 321.00 277.50
Untreated canals average 398.00 748.00 573.00
Average 316.00 534.50 425.25
LSD p < 0.05 213.00 123.00
Kenya domestic water stds® 200.00
Australian aquatic life stds® NG
CV% 21.00

Zinc (ppm) Treated canals average 311.00 231.00 271.00
Untreated canals average 484.00 903.00 693.50
Average 397.50 567.00 482.25
LSD p < 0.05 345.00 232.00

@ Springer



Environmentalist (2012) 32:494-502

501

Table 4 Mean variations of physicochemical parameters between treated and untreated canals in both dry and wet seasons of runoff water from

sugarcane plantations

Dry season Wet season Average
Kenya domestic water stds® 500.00
Australian aquatic life stds? <10
CV% 23.00

NB sampling done in February 2009 dry season and May 2009 wet season, n = 300, LSD least significant difference, CV% percent coefficient of

variation in replicated samples, Stds standards
4 Kenyan EMCA (WQ) standards (2006)
® Australian standards (2000)
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